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Abstract 33 
Background: Evidence on the correlates of objectively measured physical activity and sedentary 34 
behaviour in childhood is limited. This study aimed to identify correlates of physical activity and 35 
sedentary behaviour among 7 year old children in England.  36 
Methods: Physical activity was measured using Actigraph accelerometry in 480 participants as part of 37 
the Gateshead Millennium Study during 2006/2007. Twenty-two potential correlates across five 38 
domains (demographic and biological; psychological, cognitive, and emotional; behavioural; social and 39 
cultural; physical environmental) were tested for associations with total volume of habitual physical 40 
activity, moderate-vigorous intensity physical activity (MVPA), and sedentary behaviour. Multiple linear 41 
regression analysis was used. 42 
Results: Seven correlates, including 4 that are potentially modifiable, were significantly associated with 43 
total physical activity, MVPA, and sedentary behaviour in final models: gender, child weight status, 44 
maternal age, child interest in active play, active commuting to school, parenting practice, and season. , 45 
with 4Four of these variables were significantly associated with all three constructs in final models. The 46 
final models explained 18%, 18%, and 24% of variance in total volume of physical activity, MVPA, and 47 
sedentary behaviour respectively.  48 
Conclusion: A number of potentially modifiable factors are associated with increased physical activity 49 
and/or reduced sedentary behaviour in English children. (active commuting to school; parenting style; 50 
child interest in physical activity; child weight status). These could be valuable targets of future 51 
interventions. A number of non-modifiable factors may be helpful in identifying groups or times 52 
associated with low levels of physical activity or high levels of sedentary behaviour (gender; maternal 53 
age; season). 54 
Keywords: Physical activity; Sedentary behaviour; Correlates; Children; Gateshead Millennium Study. 55 
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Introduction 57 
Habitual physical activity and sedentary behaviour in childhood and adolescence are now recognized as 58 
important influences on current and future health.1 There is growing concern that objectively measured 59 
levels of physical activity among children and youth are often lower than recommendations 2-4, and the 60 
development of effective interventions to increase physical activity requires an improved understanding 61 
of the determinantscorrelates of physical activity and sedentary behaviour. 5-7  62 
Reviews 8-13 have established a valuable conceptual framework to improve our understanding of the 63 
influences on physical activity in childhood and adolescence, but have focused largely on physical 64 
activity rather than sedentary behaviour to date. Furthermore, reviews of previous studies have actually 65 
identified relatively few correlates of physical activity consistently, and so have called for more 66 
research.8-13 Although there  are Sstudies of the correlates of objectively measured habitual physical 67 
activity have been scarce14-19, and it would appear that there are no studies of the correlates of 68 
objectively measured sedentary behaviour in children. In addition, the correlates of physical activity may 69 
differ from the correlates of sedentary behaviour 20-22, and these constructs should ideally be considered 70 
separately. Correlates of objectively measured physical activity and sedentary behaviour may also differ 71 
significantly by age group 23, and so should ideally be studied in relatively large samples with narrow age 72 
ranges. The present study therefore aimed to identify significant correlates of objectively measured 73 
habitual physical activity and sedentary behaviour in a relatively large and homogenous sample of 7 74 
year-old children participating in the Gateshead Millennium Study. 24 75 
  76 
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Methods 77 
Study participants 78 
A total of 1029 infants had been recruited in 1999-2000 to a birth cohort study, the Gateshead 79 
Millennium Study (GMS), which is described in detail elsewhere.24 Briefly, all babies born in pre-specified 80 
recruiting weeks between June 1999 and May 2000 to Gateshead-resident mothers were eligible to join 81 
the study. This cohort is socio-economically representative of north-east England24, but is ethnically 82 
homogenous and is comprised almost entirely of Caucasians- the ethnic majority group in the UK. Data 83 
collection for the present study in 2006/2007 involved a variety of anthropometric and lifestyle 84 
measures. All parents who had not previously indicated that they did not wish to be contacted were 85 
invited to take part. The present study was given a favourablehad  ethicsal opinion approval from the 86 
Gateshead and South Tyneside Local National Health Service Research Ethics Committee, and all 87 
participating parents gave informed written consent to participation; all children gave assent to 88 
participation. 89 
 90 
Objective measurement of physical activity and sedentary behaviour 91 
Physical activity and sedentary behaviour were measured using the Actigraph 7164 and GT1M models 92 
(MTI, Fort Walton Beach, Florida). Reviews have concluded repeatedly that the Actigraph measures 93 
habitual physical activity and sedentary behaviour in children with high practical utility, reasonably high 94 
reliability, high validity relative to criterion measures (energy expenditure and direct observation of 95 
movement), and negligible reactivity. 25-27 96 
 97 
In the present study, the Actigraphs were attached to a waist belt and parents were asked to put the 98 
belt on when children woke up and remove it before bed, for a period of seven consecutive days. 99 
Parents were also asked to note periods when the Actigraph was removed in a log sheet. Accelerometry 100 
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data were reduced manually as described previously.28 In brief, long periods of consecutive ‘zeros’ in the 101 
accelerometry record were checked for entries in the log sheet. These periods were rare and usually 102 
corresponded to log-sheet records (e.g. showering) which explained the zeros satisfactorily. 103 
Accelerometer records which consisted of at least 3 days were included (2 weekdays plus 1 weekend 104 
day; days of <6 hours excluded), on the a priori grounds that reliability of this amount of Actigraph 105 
accelerometry in UK children is adequate. 29  Analyses confirmed that for the data from the present 106 
study, reliability was high for total volume of physical activity, moderate-vigorous intensity physical 107 
activity (MVPA), and sedentary behaviour for the minimum period of accelerometry.28 108 
 109 
The Actigraph accelerometers in the present study were set to summarize activity data in 15 second 110 
sampling intervals (epochs), but data were collapsed to 60 second epochs when summarized to allow 111 
use of cut-points in accelerometry output as described below.  Objectively measured physical activity 112 
was measured using two commonly-used constructs: total volume of physical activity (expressed as the 113 
mean counts per minute (cpm) over the duration of accelerometry monitoring19) and % of time spent in 114 
MVPA. The epoch chosen does not affect measurements of total volume of activity25 but tends to 115 
misclassify  vigorous intensity physical activity as moderate intensity.25  Measurement of the amount of 116 
time spent in sedentary behaviour is largely unaffected by epoch. 25 117 
 118 
In order to express accelerometry output in terms of intensity of activity, it is necessary to apply cut-119 
points to the accelerometry data.25 A recent review found a moderately large body of high quality and 120 
consistent evidence from paediatric validation and calibration studies which suggests that the 121 
appropriate cut-point to measure MVPA with the Actigraph lies in the range 3100-3600 counts per 122 
minute.25 The cut-point of Puyau et al (3200 counts per minute) was used to define MVPA. 30 The 123 
Actigraph GTIM model has been shown to have a consistent bias of -9% relative to the older Actigraph 124 
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model 31 and so a +9% correction to GTIM data was made before applying any cut-point to define MVPA 125 
and sedentary behaviour. A body of high quality and consistent evidence from paediatric calibration and 126 
validation studies suggests that an Actigraph cut-point of around 1100 counts per minute will measure 127 
sedentary behaviour with optimal accuracy 32, 33, across a wide paediatric age range.25 The cut-point of 128 
1100 counts per minute was therefore used in the present study to define sedentary behaviour.  129 
 130 
Anthropometrics 131 
Height and weight were measured by trained researchers according to standard protocols using a 132 
Leicester portable height measure and a TANITA TBF 300MA body fat analyser (both Chasmors, London 133 
UK). Body mass index (BMI) was calculated in the usual way (weight (kg) / height (m)2). For children, BMI 134 
z-scores relative to UK 1990 reference data were calculated to define healthy weight (z-score< 1.04); 135 
overweight (BMI z-score 1.04-≤ 1.64); obese (BMI z-score > 1.64). For parents, weight status was 136 
assigned as healthy weight (BMI ≤ 25.0); overweight (BMI 25.0-≤ 30.0); obese (BMI > 30.0) (Table 1).  137 
 138 
Potential correlates of objectively measured physical activity and sedentary behaviour 139 
Reviews of the correlates of physical activity in youth8-13  were considered when identifying potential 140 
correlates to be considered in the present study. The literature on the correlates of objectively 141 
measured sedentary behaviour in childhood is much more limited, and the topic is complicated by 142 
variations in the definitions of sedentary behaviour which are discussed below. All potential correlates 143 
were supported by a priori hypotheses of associations with physical activity, sedentary behaviour, or 144 
both. The social ecologic framework has dominated the literature on correlates of physical activity, with 145 
5 domains widely accepted 8-13 : 1. demographic and biological; 2. psychological, cognitive, and 146 
emotional; 3. behavioural; 4. social and cultural; 5. physical environmental. In the present study, 147 
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potential correlates were grouped according to this conceptual framework and measured using a variety 148 
of methods as described in Table 1.  149 
Data that were collected from the main carer in the form of questionnaires have been described in 150 
detail by Parkinson et al (2010)24.  Further information on individual questionnaire items is available in 151 
the Supplementary material.   152 
 The variables studied for each domain were: 153 
Demographic and biological: gender; child weight status; socio-economic status; maternal age; 154 
maternal weight status; main carer works outside the home. 155 
Psychological, cognitive, and emotional: child interest in physically active play. 156 
Behavioural: child active commuting to school; outdoor play; participation in after school clubs. 157 
Social and cultural: permissive/authoritarian/authoritative parenting practice in relation to physical 158 
activity (authoritative subdomains: praise and encouragement in relation to physical activity; rationale in 159 
relation to physical activity; modelling parenting behaviour); parental perceived importance of active 160 
play; parental habitual physical activity; parental habitual TV viewing and screen time; parental regular 161 
use of active transport.  162 
Physical environment: perceived availability of safe local places for play; season. 163 
 164 
 165 
Statistical analysis and power 166 
All questionnaire data were double entered to minimize errors in data entry.  Participants and non-167 
participants were compared using chi-squared tests for categorical variables and two sample t-tests for 168 
continuous variables. 169 
 170 
Formatted: Superscript
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No formal power calculation was carried out, as sample size for the present study was fixed by the size 171 
of the GMS cohort. Previous studies of the correlates of objectively measured physical activity in youth 172 
have generally been able to identify correlates successfully with samples of <300 participants.14-19 For 173 
the present study the sample size was expected to exceed 400, and was deemed likely to be adequate 174 
to carry out the analyses detailed below, with >30 study participants per explanatory variable in the 175 
multiple regression models.   176 
 177 
Minitab release 15.1 was used for all analyses. Physical activity and BMI data were skewed, and Tthe 178 
median and the interquartile range (IQR) were calculated for allthese variables. Mean and SD are 179 
presented for normally-distributed data. Simple univariate linear regression analysis was used to 180 
examine individual relationships between potential correlates listed in Table 1 and the three separate 181 
outcome variables (total volume of physical activity; % of monitored time in MVPA; % of monitored time 182 
spent sedentary).  As the relationship was considered linear among ordered categorical variables, they 183 
were treated as continuous for this analysis.  In order to meet the assumptions of linear regression, 184 
namely that residuals should be normally distributed, two of the outcome variables required 185 
transformation (% time spent in MVPA, square root transformation; total physical activity expressed as 186 
mean accelerometer counts per minute, log10 transformation).    187 
 188 
To build the final models, stepwise multiple linear regression was used.  All explanatory variables 189 
associated significantly with each outcome (p< 0.05) in the univariate analysis were considered. Those 190 
variables which remained associated significantly (at p<0.05) in the final model were considered to be 191 
significant correlates of physical activity and sedentary behaviour in the present study.  192 
 193 
  194 
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Results 195 
Characteristics of study participants 196 
A total of 607 children were followed up during 2006-2007, and all were invited to participate in physical 197 
activity and sedentary behaviour measurements. The remaining children were either untraceable or the 198 
family had opted out of the study. One hundred children did not wear (or return) the Actigraphs and/or 199 
did not complete accelerometer log sheets, and 27 did not meet the minimum accelerometry 200 
requirement, leaving 480 eligible children (244 boys; 236 girls). Mean duration of accelerometry 201 
monitoring was 6.4 days (SD 0.9) with mean duration of 11.1 hours (SD 1.1) per day. Total physical 202 
activity was similar for boys and girls, median (IQR) cpm was 739 (624-888) for boys and 717 (595-855) 203 
for girls (P=0.102).  204 
Questionnaires for the present analysis were completed by the child’s birth mother in n= 450 cases (of 205 
467) (96%), the child’s birth father n=5, grandparents and others n=12. 206 
 207 
Table 2 summarizes characteristics from those children included in the present study, and provides a 208 
comparison with non-participants. Sample attrition produced a final sample characterized by slightly 209 
higher socio-economic status (SES) than the initial sample, but left a sample for the present study which 210 
was representative of north east England in terms of SES. At the inception of the birth cohort from 211 
which the present study sample was recruited in 2000, lower SES families were slightly over-represented 212 
(data not shown) and so the slightly differential sample attrition by the time of the present study in 2007 213 
led to a more socio-economically representative sample .25  214 
 215 
Levels of objectively measured physical activity were relatively low, and levels of objectively measured 216 
sedentary behaviour relatively high. Median (IQR) % time spent in MVPA was 3.9% (2.6, 5.8), equivalent 217 
to 20-30 minutes MVPA per day. Median (IQR) monitoring time spent sedentary was 77.8% (73.7, 81.7) 218 
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equivalent to >9 hours/day sedentary (no trunk movement as defined by accelerometry). The remaining 219 
time (1-2 hours of accelerometry wear time during the waking day) was categorized as light intensity 220 
physical activity, defined as physical activities with an energy cost below approximately 3 times resting 221 
energy expenditure. 25 222 
 223 
 224 
Correlates of objectively measured total volume of habitual physical activity (accelerometry counts 225 
per minute) 226 
The results of the univariate analysis are shown in Table 3. Of 7 variables significantly associated with 227 
total volume of physical activity in the univariate analysis, 4 remained significant in the final model 228 
(Table 4). In the final model, total volume of physical activity was significantly lower in: the overweight 229 
and obese; those with parent perceived low interest in physically active play; those who used non- 230 
physically active methods of transport to school; , and winter and spring/fall compared to summer.  A 231 
total of 18.1% of variance in total volume of physical activity was explained in the final model.   232 
 233 
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Correlates of objectively measured MVPA 234 
The results of the univariate analysis are shown in Table 3. Of seven variables significantly associated 235 
with MVPA in univariate analysis, five remained significantly associated with MVPA in the final model 236 
(Table 4). MVPA was significantly lower among: girls; overweight and obese children; in spring, ,/fall, and 237 
winter compared to summer; in those who used non-active means of transport to school, and children 238 
perceived by their parents to have low interest in physically active play. A total of 17.8% of the variance 239 
in MVPA was explained in the final model. 240 
 241 
Correlates of objectively measured sedentary behaviour 242 
Results of the univariate analysis are shown in Table 3. Eleven variables were significantly associated 243 
with sedentary behaviour in univariate analyses; seven remained significant in the final model (Table 4). 244 
Levels of objectively measured sedentary behaviour were significantly higher among: girls; overweight 245 
and obese children; those with older mothers; in spring, fall, and winter compared to summer; those 246 
with low interest in physically active play; those using modelling parenting stylepractices towards 247 
physical activity; those who did not use active forms of commuting to school. In the final model 24.0% of 248 
variance in objectively measured sedentary behaviour was explained. 249 
 250 
 251 
  252 
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Discussion 253 
We present data in the under-researched area of correlates of objectively measured physical activity in 254 
children, including novel data on the correlates of objectively-measured sedentary behaviour.  The 255 
present study found Ffour variables that were significantly associated in final models with all three 256 
constructs of habitual total physical activity, habitual MVPA, and habitual sedentary behaviour; namely  257 
(active commuting to school; child interest in physical activity; child weight status; season). This , 258 
suggestsing that at least some common factors may influence all three constructs in English children.  259 
We present data in the under-researched area of correlates of objectively measured physical activity in 260 
children, including novel data on the correlates of objectively-measured sedentary behaviour.  A 261 
relatively large number of variables were associated significantly with habitual total physical activity, 262 
habitual MVPA, and habitual sedentary behaviour in univariate models. There was also a high degree of 263 
consistency of correlates across the three constructs of habitual total physical activity, habitual MVPA 264 
and habitual sedentary behaviour in the present study. Four variables remained significant in all three 265 
final models (active commuting to school; child interest in physical activity; child weight status; season), 266 
suggesting that at least some common factors may influence all three constructs in English children.  267 
 268 
While the two constructs of physical activity might have been expected to have similar correlates, 269 
empirical evidence on this issue is scarce since studies have generally not considered objectively 270 
measured total physical activity and MVPA as separate constructs, and older studies which used more 271 
traditional subjective methods were unable to consider the data in this manner due to limitations in 272 
subjective methodology. In the current study, while gender remained significant in the final model for 273 
MVPA, it did not remain in the final model for total volume of physical activity.  This distinction may 274 
reflect gender-specific differences in activity patterns and may imply that analysis using more than one 275 
construct may lead to a more informed picture of behaviour. It is widely accepted that sedentary 276 
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behaviour should be considered separately from physical activity 20-22, as the determinantscorrelates of 277 
physical activity and sedentary behaviour may differ.  In the present study, correlates of objectively 278 
measured habitual physical activity and sedentary behaviour were broadly similar.  However, maternal 279 
age and parental modelling in the present study were significant correlates only of sedentary behaviour 280 
and not physical activity. This may simply reflect a decrease in activity of older mothers, or be a 281 
reflection of family size, with the potential for younger children requiring more parental involvement.    282 
 283 
Informal subgroup analysis in the present study showed the three final regression models to be fairly 284 
robust. In addition to those variables which remained significant in the final models, the subgroup 285 
analysis also indicated that outdoor play may be associated with physical activity and negatively 286 
associated with sedentary behaviour in some subgroups.  This relationship was strongest among boys. 287 
 288 
Identifying correlates of objectively measured physical activity and sedentary behaviour should inform 289 
future interventions aimed at promotion of physical activity, promotion of reduction in sedentary 290 
behaviour, and prevention of obesity.5, 8  In the present study, some significant correlates of physical 291 
activity and sedentary behaviour were non-modifiable (gender; season; maternal age), though some are 292 
at least potentially modifiable (active vs. non-active commuting to school; child perceived interest in 293 
physically active play; weight status).  294 
Previous comparable studies are scarce. In the UK for example, the current authors are aware of only 295 
one previous study of the correlates of objectively measured physical activity (not sedentary behaviour), 296 
in 11-13 year old children34, an older group than those recruited to the present study.  The explanatory 297 
variables included in the present study explained relatively little of the variation in objectively measured 298 
physical activity, but this was consistent with other evidence. Previous studies which have used 299 
objective measures of physical activity  have typically explained less than 20% of variation in physical 300 
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activity in their final models.19-23  Studies of correlates of objectively measured physical activity may tend 301 
to find fewer correlates than studies of subjectively measured physical activity, in part because of 302 
correlated error in studies which depend on subjective methods to derive both explanatory and 303 
outcome variables.19, 35  However, the higher accuracy of objective measurements is essential for studies 304 
of the amount and intensity of physical activity.25 As our data on correlates of  objectively-measured 305 
sedentary behaviour are novel, comparison is made with a study from the US which made subjective 306 
measures of sedentary behaviour.20 They identified correlates of subjectively-measured sedentary time 307 
that were different to those of physical activity20, and tended to be non-modifiable, socio-demographic 308 
factors such as low maternal education or lower family income20, neither of which were in the final 309 
model in our analyses. Correlates of both sedentary behaviour and physical activity are likely to differ 310 
between such varied geographic regions, as well as potential differences between studies which use 311 
different approaches to the measurement of physical activity.  312 
 313 
The present study is consistent with many recent studies of objectively measured physical activity in 314 
finding that gender was significantly associated with both physical activity (MVPA) and sedentary 315 
behaviour. The finding that SES was not significantly associated with habitual physical activity supports 316 
recent evidence from all of the objective measurement studies in the UK: all four studies to date- which 317 
all used accelerometry- have found no marked differences in total volume of physical activity between 318 
socio-economic groups in UK children and adolescents.25 Socio-economic differences in physical activity 319 
in UK children and adolescents in the ‘expected’ direction (lower physical activity in lower SES groups) 320 
has been observed in studies using subjective methods only25 and it is likely that such variation is not 321 
real, but arises from biases inherent in subjective methodology. Seasonality in objectively measured 322 
physical activity is understudied, and probably varies markedly by geographic location, but in the UK 323 
similar seasonal variations have been shown: increased physical activity during summer months has 324 
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been reported in both younger and older British children than those studied here.3, 36  The present study 325 
therefore supports the hypothesis that there are a few core influences (e.g. gender, seasonality) on 326 
objectively measured physical activity in the UK which are consistent in their associations across a wide 327 
age range from preschool to adolescence.3, 25, 36 Active commuting to school was shown to be strongly 328 
associated with increased overall physical activity and MVPA (and decreased sedentary behaviour) in the 329 
present study.  This lends further support to existing evidence regarding children who walk or cycle to 330 
cycle to school37 and emphasizes the potential value of active commuting as a potential target of future  331 
interventions. 332 
 333 
The principal strengths of the present study were: the recruitment of a sample which was socio-334 
economically representative of north-east England24; the use of validated objective measurements; the 335 
inclusion of three constructs (two of physical activity, plus sedentary behaviour); the inclusion of a large 336 
number of potential correlates across all domains in the social-ecological model; the relatively large and 337 
homogenous (narrow age range; almost exclusively from the majority ethnic group) sample.  338 
 339 
The present study was designed prospectively with a number of aims, one of these was to examine the 340 
correlates of habitual physical activity and sedentary behaviour in childhood. There are limitations to the 341 
present study, in that Theit study  was cross-sectional in design, and thus can make no firm claims 342 
regarding the causal nature of relationships observed.  Generalisability of study findings to other 343 
settings or other age-groups is unclear and requires further study, but as noted above some correlates 344 
do appear to be consistently associated with objectively measured volume of physical activity across a 345 
wide paediatric age range in the UK, and others do not (e.g. socio-economic status). One limitation of 346 
the present study was the inability to examine whether correlates of physical activity differed by 347 
subgroup.  Exploratory analyses of differences in associations between sub-groups (defined by weight 348 
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status and by gender) were undertaken, but these were probably under-powered. Future larger studies 349 
might consider whether associations between exposure and outcome variables vary between sub-350 
groups within the population. Practical constraints meant that it was not possible to measure all of the 351 
potential correlates of physical activity and sedentary behaviour: correlates which are identified in any 352 
study may depend on the precise construct of sedentary behaviour which is being measured. In the 353 
present study sedentary behaviour was defined as time spent with no trunk movement.26,34 As 354 
previously mentioned, family size may explain the impact of maternal age on sedentary behaviour and 355 
would be a valuable inclusion in future analyses. For future studies of determinants of physical activity 356 
and sedentary behaviour there is also  value in analysing the data more comprehensively, according to a 357 
social ecological approach, as discussed by Spence and Lee (2003)38, but this type of approach was 358 
beyond the scope of this manuscript.  Future follow-up of the cohort will allow us to track the children 359 
and see how the correlates of physical activity and sedentary behaviour change, for example, as interest 360 
in active play declines, or weight status changes.    361 
 362 
  363 
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Conclusions 364 
The present study identified a number of correlates of physical activity and sedentary behaviour in 365 
English children. Four variables were associated with both habitual physical activity and sedentary 366 
behaviour (child’s weight status, child’s perceived interest in active play, child’s active commuting to 367 
school, and season) remained significant across all final models. Future interventions aimed at 368 
increasing physical activity, and decreasing sedentary behaviour, in mid-childhood should be informed 369 
by the evidence of the present study. 370 
 371 
  372 
19 
 
 
Abbreviations 373 
BMI    Body mass index 374 
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Key points 404 
 Some factors influence both physical activity and sedentary behaviour among children- four were 405 
conserved across all three constructs 406 
 Several modifiable or potentially modifiable correlates were identified which will help to identify 407 
children most at risk of high levels of sedentary behaviour 408 
 Public health professionals could use the correlates identified by the present study  to design 409 
interventions to increase physical activity and reduce sedentary behaviours in children 410 
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Table 1. Potential correlates of objectively measured habitual physical activity and sedentary behaviour* 
Domain, variable (s) Measurement method Use in analysis 
   
Demographic and biological   
   
Gender  Binary variable: female, male 
   
Child weight status Researcher measured height, weight. BMI z-score 
relative to UK 1990 reference data  to define 
healthy weight (z-score< 1.04); overweight (BMI z-
score 1.04-≤ 1.64); obese (BMI z-score > 1.64) 
Ordered categorical variable (0-2):  
healthy weight, overweight, obese  
 
   
Socio-economic status 
 
 
Maternal education, 4 categories (no 
qualifications; school qualifications to age 16; 
post-16 school education; higher education) 
Ordered categorical variable (1-4):  
lowest to highest education 
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Domain, variable (s) Measurement method Use in analysis 
   
Maternal age Calculated via self-reported birthday Ordered categorical variable (1-4): 
youngest to eldest age quartile 
   
Maternal weight status Researcher measured height, weight.BMI: 
 healthy weight (BMI ≤ 25.0); 
overweight (BMI 25.0-≤ 30.0); 
obese (BMI > 30.0) 
Ordered categorical variable (0-2):  
healthy weight, overweight, obese 
   
Main carer works outside home Parent self-report Binary variable: no, yes 
 
   
Psychological, cognitive, and emotional   
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Domain, variable (s) Measurement method Use in analysis 
Child interest in physically active play Parent questionnaire Continuous variable (1-5):  
least to most 
   
Behavioural domain   
   
Child active commuting to school Parent report of usual frequency of walking or 
cycling vs. car use 
Ordered categorical variable (1-5):  
least to most frequent 
   
Outdoor play Parent questionnaire Continuous variable (1-5):  
least to most frequent 
   
Participation in after school clubs Parent questionnaire Binary variable: no, yes 
 
   
Social and cultural     
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Domain, variable (s) Measurement method Use in analysis 
   
Permissive parenting stylepractice in 
relation to physical activity 
Parent questionnaire, adapted from Vereecken et 
al 3539 
Continuous variable (1-5):  
least to most 
   
Authoritarian parenting stylepractice in 
relation to physical activity 
Parent questionnaire, adapted from Vereecken et 
al 3935 
Continuous variable (1-5):  
least to most 
   
Authoritative parenting stylepractice in 
relation to physical activity 
Parent questionnaire, adapted from Vereecken et 
al 3935
 
Continuous variable (1-5):  
least to most 
Praise and encouragement in relation to 
physical activity** 
Parent questionnaire, adapted from Vereecken et 
al 3935 
Continuous variable (1-5):  
least to most 
Rationale1 in relation to physical 
activity** 
Parent questionnaire, adapted from Vereecken et 
al 3935 
Continuous variable (1-5):  
least to most 
Modeling2 physical activity behaviour** Parent questionnaire, adapted from Vereecken et 
al 3935 
Continuous variable (1-5):  
least to most 
   
30 
 
 
Domain, variable (s) Measurement method Use in analysis 
Parental perceived importance of active 
play 
Parent questionnaire, adapted from Vereecken et 
al 3935 
Continuous variable (1-5):  
least to most 
   
Parental habitual physical activity Parent Recent Physical Activity Questionnaire 
(RPAQ)40 36 
Ordered categorical variable (1-4): 
least to most active quartile 
   
Parental habitual TV viewing and screen 
time 
Parent RPAQ4036 Ordered categorical variable (1-4): 
least to most sedentary quartile 
   
Parental regular use of active transport  Parent RPAQ 4036 Binary variable: non-active, active 
   
Physical environment    
   
Perceived availability of safe local places 
for play  
Parent questionnaire Continuous variable (1-5):  
least to most 
31 
 
 
Domain, variable (s) Measurement method Use in analysis 
   
Season Date of physical activity measurement. 
Winter (Jan, Feb, Nov, Dec) 
Spring/Fall (Mar, April, Sept, Oct) 
Summer (May, June, July, Aug 
Ordered categorical variable (1-3): 
winter, spring/fall, summer 
* Individual questionnaire items are provided in the Supplementary Material 
**Subdomains of the authoritative parenting stylepractice 
1Example of ‘rationale’ questioning: How often do you tell your child that active play and games are good for them? 
2 Example of ‘modeling’ questioning: I try to be more active so my child is more active 
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Table 2 – Characteristics of study participants and non-participants, mean (SD), median (IQR), or 
number (%). 
Variable 
Included in analysis Excluded from 
analysis 
P for 
difference 
    
n 480 127  
Gender   0.254 
Male 
Female 
244 (51%) 
236 (49% ) 
54 (45%) 
66 (55%) 
 
    
    
    
Body mass index  16.3 (15.2–17.8) 16.4 (15.2–18.3) 0.092 
    
Body mass index z- score 0.32 (-.34–1.06) 0.40 (-0.30–1.28) 0.299 
    
Weight status   0.192 
Overweight 
Obese 
57 (12%) 
63 (13%) 
10 (8%) 
24 (20%) 
 
    
Socioeconomic status, from   < 0.001 
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maternal educational attainment 
1 (no qualifications) 57 (12% ) 41 (32%)  
2 (education to age 16) 254 (53% ) 53 (42%)  
3 (post-16 education) 62 (13% ) 24 (19%)  
4 (higher education) 107 (22% ) 9 (7%)  
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Table 3 – Univariate analysis of factors correlates associated with total physical activity, MVPA, and sedentary behaviour* 
Variable  
 
Total volume of 
physical activity 
(cpm) 
% Monitored 
time in MVPA 
% Monitored time 
in sedentary 
behaviour 
 n P P P 
Demographic and biological domain      
Gender  480 0.100 0.003 < 0.001 
Child weight status  476 0.003 <0.001 0.020 
Socio-economic status  475 0.169 0.632 0.125 
Maternal age  466 0.049 0.138 0.045 
Maternal weight status  428 0.564 0.414 0.675 
Main carer works outside home  460 0.063 0.368 0.039 
     
Psychological, cognitive, and emotional domain      
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Variable  
 
Total volume of 
physical activity 
(cpm) 
% Monitored 
time in MVPA 
% Monitored time 
in sedentary 
behaviour 
 n P P P 
Child interest in physically active play 467 <0.001 <0.001 < 0.001 
     
Behavioural domain     
Active commuting to school  466 <0.001 <0.001 < 0.001 
Outdoor play 467 <0.001 0.001 < 0.001 
Participation in after school sports clubs  463 0.036 0.062 0.125 
     
Permissive parenting stylepractice  467 0.646 0.844 0.938 
Authoritarian parenting stylepractice 467 0.286 0.426 0.172 
Authoritative parenting stylepractice  467 0.569 0.633 0.614 
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Variable  
 
Total volume of 
physical activity 
(cpm) 
% Monitored 
time in MVPA 
% Monitored time 
in sedentary 
behaviour 
 n P P P 
Praise and encouragement  0.327 0.294 0.371 
Rationale  0.286 0.208 0.642 
Modeling behaviour  0.092 0.178 0.045 
Parental perceived importance of active play  467 0.129 0.230 0.141 
Parental habitual physical activity  425 0.273 0.490 0.836 
Parental habitual TV viewing and screen time 441 0.310 0.374 0.587 
Parental use of active transport method  445 0.073 0.128 0.011 
     
Physical environment domain      
Availability of safe places for play 467 0.074 0.052 0.022 
Season  480 < 0.001 < 0.001 < 0.001 
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* - Numbers for analysis ranged from 428-480, due to missing data on individual independent variable
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Table 4 – Final models: associations between total physical activity, MVPA, and sedentary behaviour 
Variable 
Total physical activity (cpm) % Monitored time in MVPA % Monitored time in sedentary 
behaviour 
 
Beta 
Coeff. 95% C. I. P Value 
Beta 
Coeff. 95% C.I. P Value 
Beta 
Coeff. 95% C. I. P Value 
          
Gender - - - 0.150 (0.054, 0.246) 0.002 -1.961 (-2.948, -0.974) < 0.001 
Child weight status -0.021 (-0.035, -0.006) 0.005 -0.150 (-0.217, -0.082) < 0.001 0.764 (0.071, 1.456) 0.031 
Maternal age - - - - - - 0.550 (0.107, 0.992) 0.015 
Child perceived interest in 
physically active play 0.041 (0.025, 0.058) < 0.001 0.228 (0.149, 0.306) < 0.001 -2.371 (-3.175, -1.567) < 0.001 
Child active commuting to 
school 0.012 (0.005, 0.018)  0.001 0.052 (0.020, 0.085)  0.001 -0.600 (-0.929, -0.272) < 0.001 
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Modeling behaviour - - - - - - 1.025 (0.133, 1.917) 0.025 
Season 0.046 (0.033, 0.058) < 0.001 0.147 (0.087, 0.208) < 0.001 -2.296 (-2.907, -1.684) < 0.001 
[Constant] 2.579 (2.508, 2.650)  0.642 (0.304, 0.980)  89.214 (84.733, 93.695)  
          
Adjusted R-squared   18.1%   17.8%   24.0% 
 
 
Supplementary material. Manuscript ID EJPH-2010-02-OM-0084 
Table 1. Individual questionnaire items and responses.  
Domain, variable (s) Questionnaire item Responses 
   
Demographic and biological   
Main carer works outside home 1. Is the child’s main carer working or studying outside the home at the 
moment? 
Yes/No 
   
Psychological, cognitive, and 
emotional 
  
Child interest in physically active 
play 
1. Given the choice, my child would rather play an active game than watch 
TV/play a computer game 
2. My child is interested in sport 
3. My child likes to try new games and sports 
4. My child prefers reading to active play (scoring reversed) 
5. My child enjoys taking part in after-school games clubs 
Q 1-5. Never / Usually not / Sometimes 
/ Usually / Always1 
 
 
 
 
   
Behavioural   
Child active commuting to school 1. My child walks/cycles from home to school Never / Usually not / Sometimes / 
Usually / Always1
 
   
Outdoor play 1. I encourage my child to play actively outside 
2. I consider it safe for my child to play outside 
3. I have a yard/garden my child can play in 
4. My child can play unsupervised outdoors(scoring reversed) 
Q 1-3. Never / Usually not / Sometimes 
/ Usually / Always1 
 
Q 4. Yes / Maybe or Don’t Know / No2 
   
Participation in after school clubs [Previous question: Is the child’s main carer working or studying outside the 
home at the moment?] 
If so, who provides child care when the main carer is working or studying 
outside the home? 
1. Out of school club 
 
 
Most of the time / Some of the time / 
Occasionally / Never 3 
 
   
Social and cultural     
Permissive parenting practice in 
relation to physical activity 
1. When we need to go out, I let my child choose whether we walk / drive / 
get the bus 
2. If my child wants to play actively, I will let him/her 
3. I allow my child to take part in active play whenever s/he wants 
4. I allow my child to play noisy games inside 
Never / Usually not / Sometimes / 
Usually / Always1 
 
   
Authoritarian parenting practice in 
relation to physical activity 
1. I reward my child for active play 
2. I will make my child walk even if s/he doesn’t want to 
3. I encourage my child to try new sports and active games even if s/he 
doesn’t want to 
4. I will stop my child watching TV/playing computer games to make them 
play an active game 
5. Authoritarian subset 1: Encouragement through material reward 
(Question 1 only) 
6. Authoritarian subset 2: Pressure (Questions 2-4) 
Never / Usually not / Sometimes / 
Usually / Always1 
 
   
Authoritative parenting practice in 
relation to physical activity 
1. I praise my child if s/he plays actively 
2. How often do you tell your child that active play and games are good for 
them?  
3. How often do you tell your child that if they are active they will be 
healthy?  
4. How often do you tell your child that if s/he is not active s/he will get fat?  
5. How often do you tell your child that inactive play is unhealthy  
6. If my child does not want to walk, I discuss with him/her how far s/he has 
to walk 
7. I encourage my child to play actively outside 
8. I encourage my child to play with other children 
9. I will restrain myself from watching TV if I have told my child to play 
actively 
10. I play with my child if s/he asks me to join in 
11. I take exercise at the same time as my child 
12. My child helps with housework / in the garden 
13. I try to be more active so my child is more active 
14. Authoritative subset 1: Verbal praise (Question 1 only) 
Q1, 5-13. Never / Usually not / 
Sometimes / Usually / Always1
 
 
Q2-4. Never / Less than once a week / 
Once a week / Several times a week / 
Daily / Several times per day4
 
 
   
Parental perceived importance of 
active play 
1. I think it is important for my child to be active 
2. I would like my child to be more active 
 
 Never / Usually not / Sometimes / 
Usually / Always1 
   
Parental habitual TV viewing and 
screen time 
Hours of TV, DVD or Video watched per day: 
On a weekday before 6pm 
On a weekday after 6pm 
On a weekend day before 6pm 
On a weekend day after 6pm 
0 (none) 
1 (< 1 hr) 
2 (1-2 hours) 
3 (2-3 hours) 
4 (3-4 hours) 
5 (> 4 hours) 
Then summed for all time subcategories 
 Hours of home computer use per day:   
On a weekday before 6pm 
On a weekday after 6pm 
On a weekend day before 6pm 
On a weekend day after 6pm 
 
0 (none) 
1 (< 1 hr) 
2 (1-2 hours) 
3 (2-3 hours) 
4 (3-4 hours) 
5 (> 4 hours) 
Then summed for all time subcategories 
Parental regular use of active 
transport  
Which form of transport have you used most often in the last 4 weeks apart 
from your journey to and from work? 
0 (Car / Motor vehicle,  Public transport) 
1 (Cycle, Walk) 
   
Physical environment    
Mean of multiple questions was used. 
 
1 = Questions graded 1-5 
2 = Questions graded 1-3 then multiplicatively converted to a 5 point scale for comparison 
3 = Used as 1 if ‘most of the time’ or ‘some of the time’, otherwise 0 
4 = Questions graded 1-6 then multiplicatively converted to a 5-point scale for comparison 
5 = Questions graded 5-1 
 
Perceived availability of safe local 
places for play  
1. I think there are enough places for my child to play safely 
2. I consider it safe for my child to play outside 
3. I have a yard/garden my child can play in 
4. My child can play unsupervised indoors 
5. My child can play unsupervised outdoors 
6. How close is the nearest park / safe outdoor play area to your home 
(minutes walk)? 
 
Q1.  Yes / Maybe or Don’t Know / No2 
(scoring reversed) 
Q2-3.  Never / Usually not / Sometimes 
/ Usually / Always1  
Q4-5. Yes / Sometimes or Don’t Know / 
No4 (scoring reversed) 
Q6. 0-5 / 6-10 / 11-15 / 16-20 / 20+5 
 
 
